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(57) Abstract: A combustion turbine power plant (10) includes a modular compressor assembly (22) structured to enclose multiple 
^ configurations of vanes and blades, a modular combustor assembly (24) structured to be disengagably coupleable to a fuel source, 
2 a modular first turbine assembly (26) structured to enclose multiple configurations of vanes and blades, a modular diffuser (8a), a 

modular second turbine unit (5), a work unit (80), and a modular heat exchange system (100). A work unit shaft (6, 70) is structured 
Q to have two ends that are disengagably coupleable to the modular second turbine unit (5) and the work unit (80). A compressor 

turbine shaft (30) is structured to have two ends that are disengagably coupleable to the modular compressor assembly (22) and the 
^ modular compressor turbine assembly (26). 
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Cross Reference to Related App lication 

This application claims the benefit of U.S. Provisional Application Serial 
Number 60/183,512, filed February 18, 2000. 


BACKGROI JND QF THE INVENTION 

Field of the Invention 

This invention relates to an adaptable, modular, flexible, efficient gas turbine 
power plant and, more specifically, to a gas turbine power plant having a modular 
base structure and an adjustable heat exchange system which can be adapted to the 
modular base system throughout the life cycle of the base structure. 
Background Information 

A typical gas turbine power plant is constructed to meet the requirements of a 
single; application. Such a construction includes several components, typically 
comprising a compressor assembly, a combustor assembly, a turbine assembly and a 
generator. The system may former include a diffoser and an additional turbine. In a 
two-turbine configuration, the first turbine is mechanically coupled to the compressor 
by a shaft and the second turbine is mechanically coupled by a shaft to a generator, 
pump, or compressor. The casing for each of these components and the heat' 
exchange system will be structured for maximum efficiency for the single application 
for which the system was designed. 

In operation, the compressor assembly compresses ambient air. The 
compressed air flows into the combustor assembly where it is mixed with a fuel. The 
fuel and compressed air mixture is ignited creating a heating working gas. The heated 
working gas is expanded through the turbine assembly. The turbine assembly 
includes a plurality of stationary vanes and rotating blades. The rotating blades are 
coupled to a central shaft. The expansion of the working gas through the turbine 
section forces the blades, and thereafter the shaft, to rotate. The shaft ma y be 
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The drawback to such a system is that, should the user requirements change or 
should improved components become available, the system cannot easily be adapted 
to a different configuration. Alternatively, the user may buy less expensive 
components to reduce start-up costs, then at a later time wish to upgrade the system. 
Prior art systems are not structured to easily upgrade individual components. 

Accordingly, there is a need for a gas turbine power plant which is adaptable 
to various applications for which the system may be used. 

There is a further need for a gas turbine power plant which is adaptable to new 
technologies. 

SUMMARY OF THE INVENTION 

These needs, and others, are met by the disclosed invention which provides a 
gas turbine power plant system having a plurality of modular components such as a 
compressor unit, a combustion unit, a first turbine unit, which is coupled to the 
compressor Unit, an intermediate unit, and a second turbine unit, which is coupled to a 
work unit. A flow path exists through the compressor, unit, combustion unit, first 
turbine unit," -intermediate unit and second turbine unit. The compressor unit, i. 
combustion unit, intermediate unit, first turbine unit, and second turbine-unit are 
further coupled by a modular modular heat exchange system which is structured to 
retain energy within the system. 

Each unit has a casing that is structured to cooperate with a variety of other 
units. For example, both turbine units are structured to allow a variety of combustor 
units to be used, depending on the type of fuel and the emissions requirements of the 
fuel used. The modular heat exchange system may also be adapted to various 
applications. The casings for the gas compressor unit, combustor unit, intermediate 
unit, first turbine unit and second turbine unit are structured to allow the changes to 
the modular heat exchange system and structured to meet the requirements of various 
applications. The casing of each unit has an interface with the casing(s) of the 
adjacent units. Alternate units are structured so that the casing of the alternate unit 
engages the adjacent unit casing(s). 

Thus, the invention provides for a combustion turbine power plant that 
includes a first plurality of modular components structured to form a combustion 
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turbine power plant and a second plurality of modular components performing 
corresponding functions of the first plurality of components but having different 
operating characteristics. The modular components of the first and second plurality of 
modular components have an interface with an adjacent modular component. The 
corresponding modular components of the first and second plurality of modular 
components have a corresponding interface so that the corresponding modular 
components of the first and second plurality of modular components may be 
interchanged. 


BRIEF DESCRIPTION OF THE DRAWINGS 
A full understanding of the invention can be gained from the following 
description of the preferred embodiments when read in conjunction with the 
accompanying drawings in which: 

Figure 1 shows a cross-sectional view of a combustion turbine. 
•■ ; Figure 2 shows a schematic representation of a combustion turbine system 
with a modujar heat exchange system configured for simple cycle peaking duty. 

Figure 3 shows a schematic for a mature combustion turbine power system 
with a modular heat exchange system configured for a mature simple cycle peaking 
duty. "■ ' : . . 

Figure 4 shows a schematic for a combustion turbine power system having a 
modular heat exchange system configured for a mature reheat system for combined 
cycle. 

Figure 5 shows a schematic for a combustion turbine power system with a 
modular heat exchange system configured for use with an external combustion 
module. 


DETAILED DESCRI PTION OF THE PREFERRED EMBODIMENT 

As used herein, a "mature" combustion turbine indicates that the combustion 

turbine has reached its development potential both in terms of first turbine inlet 

temperature and component technologies. 

As is well known in the art and shown in figure 1, a combustion turbine 1 

includes a compressor assembly 2, a combustor assembly 3 with a transition section 4 
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or alternately an annular combustor, and a first turbine assembly 5. A flow path exists 
through the compressor 2, combustor assembly 3, transition section 4, and first 
turbine assembly 5. The first turbine assembly 5 is mechanically coupled to the 
compressor assembly 2 by a central shaft 6. Outer casing 7 creates a compressed air 
plenum 7a. Typically, the outer casing 7 encloses a plurality of combustor assemblies 
3 and transition sections 4. The combustor assemblies 3 and the transition sections 4 
are disposed circumferentiality about the central shaft 6. The system may further 
include an intermediate unit 8 and a second turbine assembly 9. The intermediate unit 
8 may be either a diffuser 8a, a reheat combustor 8b, or a mixer. The second turbine 
assembly 9 may be coupled by a shaft to a work unit 80 (Fig. 2) such as generator, a 
pump, or compressor. 

In operation, the compressor assembly 2 inducts ambient air and compresses 
it. The compressed air travels through the flow path to compressed air plenum 7a 
defined by casing 7. Compressed air within the compressed air plenum 7a enters a 
> combustor assembly 3: where the compressed air is mixed with a fuel and ignited to 
: create a working gas. ^The ; working gas passes from the combustor assembly 3 : 
through transition section 4 and into the first turbine assembly 5. In the first turbine 
assembly 5 the working gas is expanded through a series of rotatable blades I T, which 
are coupled by a rotor stack 1 Ta a to shaft 6 and the stationary vanes 1 2. As the 
working gas passes through the first turbine assembly 5, the blades 1 1 and shaft 6 
rotate creating a mechanical torque which drives the compressor assembly 2. The 
working gas then passes through the intermediate unit 8, where the pressure of the 
working gas decreases while the temperature may be increased in a reheat combustor 
8b. Finally, the gas is expanded through the second turbine assembly 9 having a 
series of rotating blades 13 and stationary vanes 14. The second turbine blades 13 are 
coupled to a shaft to create a rotational force. The second turbine shaft can be 
coupled to a generator to produce electricity, or to a pump or compressor. 

As shown in Figure 2, a modular gas turbine power plant system 10 includes a 
first plurality of modular components 20, such as a modular compressor unit 22, a 
modular outer casing 1 9, a modular combustor unit 24, a modular first turbine unit 26, 
a modular intermediate unit 50, a modular second turbine unit 60 and a work unit 80. 
A modular intermediate unit 50 may be located between the first turbine unit 26 and 
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the second turbine unit 60. A second plurality of modular components 20a include 
corresponding components to the first plurality 20, the second plurality of modular 
components 20a, however, have different operating characteristics. 

The modular compressor unit 22 has a casing 23, the modular combustor unit 
has a casing 25 and the modular first turbine unit has a casing 27, the modular 
intermediate unit 50 has a casing 5 1 and the modular second turbine unit 60 has a 
casing.61 . The modular compressor unit casing 23, modular outer casing 1 9, modular 
combustor unit casing 25, modular first turbine unit casing 27, modular intermediate 
unit casing 5 1 and modular second turbine unit casing 6 1 form a continuous flow path 
therethrough. 

Thus, each of the plurality of components 20 has a casing 23, 25, 27, 51, 61 
Between each of the plurality of components is an interface. The casings 23, 25, 27, 
51,61 of adjacent components are structured to engage each other. An alternate 
component is structured to have a casing that will engage the adjacent component(s). 
Thus. the.casings pf each of components 23, 25, 27, 51, 6,1, as well as the casing of 
alternate components, are structured to engage each .oT the adjacent component ',, . : 
casings, 23, 25, 2-7, 51 , 61,, as well as alternate component casings. . ,. 

. A.compressor- turbine shaft 30 mechanically, coupes the modular compressor 
unit 22 to the modular first turbine.unit 26. The compressor-turbine shaft 30 has two 
ends 30a, 30b which are structured to be disengagably coupleable to the modular 
compressor unit and to the modular first turbine unit. As used herein, disengagably 
coupleable means that the component is preferably structured to be engaged or 
disengaged with an associated component or unit. However, it should be understood 
that "disengagably coupleable" shall also include other means of engagement that can 
be practically disengaged in a manner that permits reattachment. 

A generator shaft 70 couples the modular second turbine unit 60 to the work 
unit 80. The generator shaft 70 has two ends 70a, 70b which are structured to be 
disengagably coupleable to the modular second turbine unit and the work unit 80. 

The modular compressor unit 22 can be one of a variety of high-pressure ratio 
^ssors. The modular compressor unit 22 is adaptable to cooperate with an 
^fication combined cycle (IGCC), advanced pressurized fluidized bed 
3C), gas turbine/solid oxide fuel cell (GT/SOFC) hybrid cycles, as 
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well as other emerging power plant cycles. The modular compressor unit 22 contains 
a plurality of rows of stationary vanes and rotating blades (not shown). The modular 
compressor unit casing 23 is structured to enclose multiple configurations of vanes 
and blades, where the rows of vanes and blades may have more than one shape. 

The modular compressor unit is structured to be disengagably coupleable to 
the compressor-turbine shaft 30. As such, the modular compressor unit 22 may be 
easily disengaged from the power plant system 10. An alternate modular compressor 
unit 22 could then be installed in the first modular compressor unit's 22 place. Any 
alternate modular compressor unit 22 is also structured to be disengagably coupleable 
to the compressor-turbine shaft 30. The modular compressor unit casing 23 is 
structured to be disengagably coupleable to modular outer casing 19. 

The modular combustor unit 24 may be one of a variety of combustor 
assemblies. For example, one modular combustor unit 24 is structured to burn natural 
gas. Another modular combustor unit 24 is structured to burn synthetic gas, such as 
the gas produced by a IGCC system. The modular combustor unit 24 is structured to 
be disposed within a-. modular outer casing 1:9 within- a plenum . filled with compressed ' 
air from the modular compressor unit 22. The modular-combustor unit 24 mixes 
compressed air with a fuel and ignites the mixture to'createia working fluid.- The * 
modular combustor unit 24 has a fuel inlet means and an igniter assembly (not shown) 
The fuel inlet means is structured to be disengagably coupleable to a fuel supply 90. 
The alternate modular combustor units 24 are also structured to be disengagably 
coupleable to fuel supply 90. As such, the modular combustor unit 24 may be easily 
replaced with an alternate modular combustor unit 24. The modular outer casing 1 9 is 
structured to accommodate fuel inlet lines of various sizes. 

The modular first turbine unit 26 is structured to be disengagably coupleable 
to the compressor turbine shaft 30. The modular compressor unit casing 23 is 
structured to be disengagably coupleable to modular outer casing 19. The downstream 
end of the first turbine unit 26 is structured to be disengagably coupleable to the 
modular intermediate unit 50. 

The modular first turbine unit 26 includes a plurality of stationary vanes and 
rotating blades (not shown). One form of modular first turbine unit 26 is structured to 
include a cooling system (as described below) for the casing 27 and the vanes and/or 
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blades. The modular intermediate unit 50 is structured to be disengagably coupleable 
to both the modular first turbine unit 26 and the modular second turbine unit 60. One 
form of the modular intermediate unit 50 includes a reheat combustor 53 (Fig. 4) that 
is structured to reheat the working gas before the working gas enters the modular 
second turbine unit 60. 

The modular second turbine unit 60 is structured to be disengagably 
coupleable to the modular intermediate unit 50 and the generator shaft 70. The second 
turbine unit 60 includes a plurality of stationary vanes and rotating blades (not 
shown). One form of second turbine unit 60 is structured to include a cooling system 
(as described below) for the casing 61 and the vanes and/or blades. Modular second 
turbine units 60 are structured for either 50 Hz or 60 Hz applications. The modular 
second turbine unit 60 may include an in-situ reheat device for re-heating the working 
gas within the modular second turbine unit 60. 

The work unit 80 is, preferably, either a 50 or 60 Hz generator. The work unit 
80jis structured*) be disengagably coupleable to the generator shaft 70. 

V : The:compressor. turbine power plantrassembly 10 is made more efficient by a 
modular heat exchange system 1 00.:. The modular heat exchange system 1 00 includes 
a plurality of closed andbpeaheat'exchangeuhits.: As used herein a "closed heat 
exchange unit" is* heat exchange unit Having two closed fluid lines Which exchange 
heat with each other. When two lines exchange heat with each other, the two lines 
will be said to "interact" with each other. Because, however, the lines are closed, the 
two fluids do not mix. A "open heat exchange unit" is a heat exchange unit which 
allows ambient air to interact with a closed line thereby transferring energy to the 
> atmosphere. As used herein, "openly coupled" means that heated air from one heat 
exchange unit is moved over a second heat exchange unit, thereby heating the second 
heat exchange unit. The fluid within the first heat exchange units does not. however, 
interact with the fluid in the second heat exchange unit. 

The modular compressor unit casing 23 is structured to allow at least three 
bleed lines 31, 32, and 33 to draw compressed air out of the compressor. The first 
bleed line 31 is drawn from the most upstream location of the flow path as compared 
to the remaining bleed lines. The first bleed line, however, cannot be drawn from a 
location upstream of the first stage compressor blades. As such the first bleed line 31 


WO 01/61 168 PCT/US01/04283 

8 

draws the coolest compressed air. The second bleed line is drawn from a location 
downstream in the flow path from the first bleed line 3 1 . As such the second bleed 
line 32 transfers air that is at both a higher temperature and a higher pressure than the 
first bleed line 3 1 . The third bleed line is drawn from a location further downstream 
along the flow path than the second bleed line 32. Accordingly, the compressed air 
within bleed line three 33 is at a higher pressure and temperature than the air in the 
second bleed line 32. Compressed air leaving the outlet of compressor unit 22 and 
entering the modular outer casing 19 is at its highest pressure and temperature. 
Compressed air from within modular outer casing 19 is divided into at least three 
portions. A first portion of this air is delivered to modular combustor unit 24, a second 
portion of this air is delivered via a primary casing bleed line 34 to the modular heat 
exchange system 100, and a third portion may pass to the modular first turbine unit 
26. 

The modular heat exchange system 100 is structured to use compressed air 
from the three bleed lines and. compressed air drawn from the second portion of air' in 
the modular outer casing 19. As will-be described below, the modular heat exchange 
system lOO.may be set up in a variety of configurations. In each configuration, 
however, the air within the. various loops formed by the different bleed lines are at 
about the same pressure corresponding to the pressure of the individual bleed lines 31 , 
32, 33, 34. 

Generally, the purpose of the modular heat exchange system 1 00 is to heat the 
fuel, and/or to cool the vanes and blades of the first turbine unit 26 and the second 
turbine unit 60, or. heat the first turbine unit casing 27 or the second turbine unit 
casing 61 so that the tip clearance between the blades within the first turbine unit 26 
and the second turbine unit 60 are within the optimal distance from each other. 

The first turbine unit 26 and the second turbine unit 60 operate most 
efficiently when the rotating blades within the turbines 26, 60 are at an optimal 
distance from the casings 27 and 61 . To insure that the spacing between the blades 
and casings 27 and 61 remains optimal, the casings 27 and 61 may be selectively 
heated, thereby causing a controlled thermal expansion or the rotating blades and 
rotor stack 1 la may be cooled to selected temperatures, thereby causing a controlled 
thermal contraction. 
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The modular heat exchange system 100 is structured to be disengagably 
coupleable to the modular compressor unit casing 23, the modular combustor 
assembly 24, the modular first turbine unit casing 27, the modular intermediate unit 
casing 5 1 and the modular second turbine unit casing 61 . Internal channels (not 
shown) within the modular first turbine unit casing 27 and the modular second turbine 
unit casing 61 allow the modular heat exchange system 100 to be in fluid 
communication with the blades and vanes of the modular turbine assemblies 26, 60. 

As shown in Figure 2, a power plant 10 configured as a simple cycle peaking 
duty power plant includes a modular heat exchange system configured as follows. The 
first bleed line 3 1 is in fluid communication with a first closed heat exchange unit 
102. The first closed heat exchange unit is further in fluid communication, via third 
casing bleed line 37 (described below). In the first closed heat exchange unit 102, air 
in line 3 1 interacts with the air in third casing bleed line 37, raising the temperature of 
the first bleed line 31 and lowering the temperature of the third casing bleed line 37. 
TheairinthirdxasingbleedlineSlds passed back intathe modular compressor unit I. 
. 22 at the downstream end of the . compressor unit 22^The>first bleed line 31 is in, , 
: further fluid communication with the first open heat-exchange unit 103. ^facilitate ■- - 
• heatcxcha "8e Within thefirst.openheat.exchange unit 103 the .unit may include a fan , 
103(a) or other such means to force air through arid/or across the heat exchange unit. 
Preferably, at steady state system operation air from the first bleed line 31 bypasses 
the first open heat exchange unit 103 by opening bypass valve 103b. During start up 
and shutdown sequences, cooling air will be directed to the rotor stack 1 la to cause 
the rotor stack 1 la to shrink, thus pulling the blades away from the casing 27. At 
steady state, the rotor stack air is heated in a controlled manner to allow the rotor 
stack 1 la to expand and causing the clearance between the blades and the casing 27 to 
be optimal. Use of the first closed and open heat exchange units 102. 103 permits 
control of the temperature of the air directed to cooling channels within the blades of 
the second turbine unit 60, thus allowing for tip clearance control. 

First, second, and third casing bleed lines 35, 36, and 37 are in fluid 
communication with the compressed air in modular outer casing 19 through primary 
casing bleed line 34. Air from the first casing bleed line 35 is delivered directly to 
the modular first turbine unit casing 27 thereby heating the modular first turbine unit 
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casing 27. The second casing bleed line 36 is coupled to modular second turbine unit 
casing 61. Air from the casing bleed lines 35, 36 may be used to heat the casings 27, 
61 and thereby aid in tip clearance control. 

Fuel is heated by the modular heat exchange system 100. Fuel from a fuel 
source 90 is delivered to a fuel delivery system 92. The fuel is preferably a 
combustible gas. A primary fuel heat exchange unit 91 is openly coupled to a second 
open heat exchange unit 104, which may include a fan 104(a). Heated air from the 
second bleed line 32 passes through second open heat exchange unit 104 and heats the 
fuel in the primary fuel heat exchange unit 91 . The primary fuel heat exchange unit 
91 is also openly coupled to a third open heat exchange unit 106, which may include a 
fan 106(a). Heated air from the third bleed line 33 passes through third open heat 
exchange unit 106 and further heats the fuel in primary fuel heat exchange unit 91 . 
Fuel from the primary fuel heat exchanger 91 is then delivered to the modular 
combustor unit 24. 

Air from the second bleed line 32 is then delivered to a fourth open heat . • 
. . exchange unit 105, which may include a fan A 05(a), before it is delivered- to the rotor . 

stack of the first turbine unit 26. After the third open heat exchange unit ;1 06, air : 
: within the third bleed line 33 is delivered to the rotor stack within theifirst turbine unit 
.26. Before being delivered to the first .turbine unit 26, air from the third bleed line 33 
may be passed through a fifth open heat exchange unit 107, which may include a fan 
107(a) to adjust the temperature of the air from the third bleed line 33. Preferably, in 
the steady state both the fourth and fifth open heat transfer units 105 and 107 are 
bypassed using bypass valves 1 05b and 1 07b. 

The system disclosed in Figure 2 may be adapted to a mature simple cycle 
peaking duty configuration as shown in Figure 3, by reconfiguring the modular heat 
exchange system 100. This embodiment further includes a fuel compressor 93 and a 
second closed heat exchange unit 109. The fuel compressor 93 is disposed between 
the fuel supply 90 and the primary fuel heat exchange unit 91 . The fuel compressor 
93 raises the pressure of the fuel. The temperature of the fuel gas is raised in the 
primary fuel heat exchange unit 91 as described above. 

After the first closed heat exchange unit 102, the first bleed line 31 is split into 
a first branch 3 1 a and second branch 3 1 b. Second branch 3 1 b is in fluid 
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communication with the first open heat exchange unit 103 and modular second 
turbine unit 60 blades, as described above. The second closed heat exchange unit 109 
is in fluid communication with branch 31a. The second closed heat exchange unit 
109 is further coupled to the third bleed line 33 and is disposed between third open 
heat exchange unit 1 06 and fifth heat exchange unit 107. As such, heat from the third 
bleed line 33 is transferred to the compressed air within bleed line 31a. Bleed line 
31a is further coupled to the intermediate unit 50 where the compressed air within 
bleed line 3 1 a is joined with the working fluid. Because heat is transferred from the 
third bleed line 33 to the compressed air in bleed line 31a, and then returned to the 
working gas before it flows through the second modular turbine unit 60. all of the heat 
taken from the third compressor bleed line 33 in cooling air in bleed line 31a is 
returned to the system, thus maximizing cycle efficiency. 

The combustion turbine power plant system 10 can further be refined as 
shown in Figure 4 to retain almost all engine heat within the working gas. In this 
cqnfigurationjthe modular,heat exchange, systen^ l OO is.structured to operate. with a •, 
. mature, reheat, combined cyclejpower plant. Generally,,the intermediate unit 50 is 
^ structured to include a reheat cpmbustor,5,3,-as ; .npted^bove. s Additionally, the 

modular heat.?xchange system 100 is^strucjurecfto provide cooling air to the, vanes in 
. the first turbine assembly 26 and second turbine unit 60 in a partially closed loop 
cooling system, as described below. The first bleed line 31 is, again split into a first 
branch 3 1 a and a second branch 3 1 b. The first branch 3 1 a in this configuration is in 
fluid communication with a third, fourth, and fifth closed heat exchange units 202. 
204, 206. The third closed heat exchange unit 202 is in fluid communication with the 
second bleed line 32. The first branch 31a and the second bleed line 32 interact in the 
third closed heat exchange unit 202 thereby heating the air in the first branch 3 1 a and 
cooling the air in the second bleed line 32. The first branch 3 la is then coupled to 
fourth closed heat exchange unit 204. The fifth closed heat exchange unit 206 is in 
fluid communication with the third bleed line 33. The first branch 3 1 a and the third 
bleed line 33 interact in the fourth closed heat exchange unit 204 thereby heating the 
air in the first branch 31a and cooling the air in the third bleed line 33. The fifth 
closed heat exchange unit 206 is coupled to the first branch 31a and in fluid 
communication with, via third casing bleed line 37, the modular outer casing 19. As 
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before, third casing bleed line 37 and first branch 31a interact in fifth closed heat 
exchange unit 206, heating the air in branch 3 la and cooling the air in line 37. The 
third casing bleed line 37 returns to modular compressor unit 22 as stated above. The 
first branch 3 la is coupled to the working gas flow within the modular intermediate 
unit 50 upstream of the re-heat combustor 53. 

The second and third bleed lines 32, 33, after fourth and fifth closed heat 
exchange units 204 and 206, respectively, are coupled to sixth and seventh open heat 
exchange units 220, 222. The sixth open heat exchange unit 220, which may include 
a fan 220a, is disposed on second bleed line 32 between the third closed heat 
exchange unit 202 and the modular first compressor assembly 26. The seventh open 
heat exchange unit 222, which may include a fan 222a, is disposed on third bleed line 
33 between the third closed heat exchange unit 202 and the modular first turbine 
assembly 26. In steady state, the sixth and seventh open heat exchange units 220, 222 
may be bypassed. The air in the second and third bleed lines 32, 33 joins the working 
gas flow path in the modular first turbine unit 26 after cooling the blades and vanes of 
the first turbine unit 26. <a • v ; 

The second branch 3 lb is in fluid communication with a sixth closed heat 
exchange unit 208. The sixth closed heat exchange unit 208 is also' in fluid 
communication, via a fourth casing bleed line 210, with the modular outer casing 19. 
In the seventh closed heat exchange unit air in the second branch 3 1 b interacts with 
air in the fourth casing bleed line 210, thereby heating air in the second branch 31b 
and cooling air in the fourth casing bleed line 210. The second branch 31b is in 
further fluid communication with a eighth open heat exchange unit 212, which may 
include a fan 2 1 2a. After the eighth open heat exchange unit 2 1 2, the second branch 
3 1 b is in fluid communication with the vanes in the modular second turbine unit 60 
via channels in the modular second turbine unit casing 61 . 

The fourth casing bleed line 210, after passing through the sixth closed heat 
exchange unit 208, is connected to an ninth open heat exchange unit 224. The ninth 
open heat exchange unit 224 is openly coupled to the primary fuel heat exchange unit 
91 . The fuel delivery system 92 also includes the fuel source 90 and a compressor 94 
which raises the fuel pressure. After the fuel is compressed by compressor 94, the 
fuel passes through the primary fuel heat exchange unit 91 . In the ninth open heat 
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exchange unit 224, the air in the fourth casing bleed line 210 is cooled and hot air is 
delivered to the primary fuel heat exchange unit 91 thereby heating the fuel. The fuel 
then passes into the modular combustor assembly unit 24. The fourth casing bleed 
line 210 is in further fluid communication with a secondary compressor 230. 
Secondary compressor 230 raises the air pressure in fourth casing bleed line 210. Air 
from the fourth casing bleed line 21 0 is then passed through a partially closed loop 
vane cooling system 240. The partially closed loop vane cooling system 240 passes 
through the vanes in both the modular first turbine unit 26 and the modular second 
turbine unit 60. The partially closed loop cooling system 240 may still include an 
open loop that passes a portion of the air in the partially closed loop cooling system 
240 into the flow path. Such an open loop portion of the partially closed loop cooling 
system 240 is used to cool the trailing edges of the vanes within both the modular first 
turbine unit 26 and the modular second turbine unit 60. Within the partially closed 
loop cooling system 240, the air absorbs heat from both the modular first turbine unit 
26 and the modular second tbrbine^unit 60. vThe heated^ air passes through : a hot air * 
- exhaust line 242 which is in-fluid communication with ttie modular 'combustor unit ■ 
• 24. - - : . > • k ' ■ ■ U :l - :4 * f4 ^ r.,} :< 

;■ v: In this configuration^heat absorbed bpthe ai# inrthe'pairtially closed loop ,i :>.; 
tooling system 240 is maintained in the Combustion turbine 4: thereby increasing the 
efficiency of the combustion turbine 1 . In order to increase the efficiency of the 
combustion turbine 1 , the user must provide a combustion turbine 1 having a 
modular compressor unit 22, a fuel system 92, a modular combustor unit 24 , and at 
least one modular turbine unit 26. The modular compressor unit 22 includes bleed 
lines 31, 32, 33 and the modular turbine unit 26 is structured to be coupled to the 
bleed lines 31, 32, 33 and has rotors 1 la structured to be cooled by said bleed lines 
3 1 , 32, 33. The rotors have an exhaust line 242 coupled to said combustor 24. The 
user must also provide a modular heat exchange system 1 00 having a plurality of heat 
exchange units and connect the heat exchange units to the bleed lines 31, 32, 33 so 
that the temperature of the rotors 1 la may be selectively controlled. The user then 
passes air through the bleed lines 31, 32, 33 to selectively control the temperatures of 
the rotors 1 la. The air heated by the rotors 1 la is then delivered to the modular 
combustor unit 24. 
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As shown in Figure 5, air from the first bleed line 3 1 may be used to supply 
an external combustor assembly 250. The external combustor assembly 250 may burn 
a fuel such as pulverized coal. The external combustor assembly may be coupled to a 
filter 252. Within the external combustor assembly 250, air from the first bleed line 
31 and more specifically the first branch 31a, is combined with a fuel and ignited, 
thereby raising the temperature of the air. The external combustor assembly 250 is in 
fluid communication with the filter 252 through external combustor conduit 254. 
Filter 252 is in fluid communication with the reheat combustor 53 via filter conduit 
256 and the hot fluid stream leaving first modular turbine unit 26. The reheat 
combustor 53 combines a fuel with the heated air from filter conduit 256. The fuel/air 
mixture is ignited and the resulting gas joins the working gas flow path which extends 
through the modular second turbine unit 60. 

While specific embodiments of the invention have been described in detail, it 
will be appreciated by those skilled in the art that various modifications and 
alternatives to those details could be developed in light of the overall teachings of the 
disclosure. Accordingly, the particular arrangements disclosed are meant to be 
illustrative phly and not limiting as to ihe scope of invention which is to be given the 
full breadth of the claims appended and any and all equivalents thereof. • , > 
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CLAIMS 


WHAT IS CLAIMED IS: 


1 • A combustion turbine power plant (10) comprising: 
a modular compressor unit (22) having a casing (23); 
a modular outer casing (19) structured to be disengagably coupleable to said 
modular compressor assembly casing (22); 

a modular combustor unit (24) structured to be disengagably coupleable to a 
fuel source (93) and disposed within said modular outer casing (19); 

a modular first turbine unit (26) structured to be disengagably coupleable to 
said modular outer casing (19); and 

a work unit (80) coupled to said modular first turbine (26). 

2. The combustion turbine power plant (10) of claim 1 wherein: 

"" '-•said modular compressor unit:(22) mclude&aiconipressor-turbihc shaft (30) » ^.4. 

^extending between said: compressor unit. (22) and said- modular firstUurbine unit (26);£ v^u £ . * ^ 

•stand ..■'*'.* v . , 

■.< said compressor-turbine shaft (3 Q) has /an end* (30* 30b) that is disengagably^ 
^coupleable to saidmodular compressor unit (22).-> ; ;*- .-v - .* — 


3. The combustion turbine power plant (10) of claim 2 wherein said 
compressor-turbine shaft (30) has an end 30(b) that is disengagably coupleable to said 
modular first turbine unit (26). 


4. A combustion turbine power plant ( 1 0) comprising: 

a modular compressor unit (22) having a casing (23); 

a modular outer casing (19) structured to be disengagably coupleable to said 
modular compressor assembly casing (23); 

a modular combustor unit (24) structured to be disengagably coupleable to a 
fuel source and disposed within said modular outer casing (19); 

a modular first turbine unit (26) structured to be disengagably coupleable to 
said modular outer casing (27); 
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a modular intermediate unit (50) having a casing (51); 

a modular second turbine unit (60) having a casing (61); 

said modular intermediate unit casing (51) structured to be disengagably 
coupleable to said modular first turbine unit casing (27) and said modular second 
turbine unit casing (61); and 

said modular second turbine unit (60) structured to be disengagably coupleable 
to said modular intermediate unit casing (51); and 

a work unit (80). 

5. The combustion turbine power plant (10) of claim 4 wherein: 

said work unit (80) includes a shaft extending between said second turbine 
unit (60) and said work unit (80); and 

said work unit shaft (70) has an end (70a) that is disengagably coupleable to 
said modular second turbine unit (60). 

6. The combustion turbine power plant (10) of claim 5 wherein said work 

: unit shaft (70) has an end (70b) that is disengagably coupleable to said work unit (80). ? 

7. The combustion turbine power plant (1 0) of claim 4 wherein said 
modular second turbine unit (60) is structured to operate at either 60 hz or 50 hz. 

8. The combustion turbine power plant (1 0) of claim 4 wherein said 
modular intermediate unit (50) includes a reheat combustor (53). 

9. The combustion turbine power plant (1 0) of claim 4 further comprising 
a modular heat exchange system (100). 

1 0. The combustion turbine power plant (1 0) of claim 9 wherein said 
modular heat exchange system (100) includes a plurality of closed heat exchange 
units (102) and open heat exchange units (103, 104, 1 05) which are disengagably 
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coupleable to said modular compressor unit (22), said modular combustor unit (24), 
said modular first turbine assembly (22), and said modular second turbine assembly 
(60). 


11. The combustion turbine power plant ( 1 0) of claim 1 0 wherein: 
said modular compressor unit casing (23) includes a plurality of bleed lines 

(31,32, 33,34); 

each said bleed lines (31, 32, 33, 34) being in fluid communication with one or 
more of said plurality of open and closed heat exchange units (102. 103, 104, 105, 
109, 202, 203, 206. 208, 212, 220, 222, 224). 

12. The combustion turbine power plant ( 1 0) of claim 1 0 wherein said 
plurality of open and closed heat exchange units (102, 103, 104, 105, 109, 202, 203, 
206, 208, 212, 220, 222, 224) may be structured in a variety of configurations. 

"-•"•^ ■■■■■ V' J .- V- i- ,., 

The combustion turbine power plant (10) of claim 1 further comprising 
■■!}■.,;; ■ a modulanheat exchange system (100). . .j 

r» 5i$t * r .v: . i.-.,.,-..--: .' , , . >; ; • - v ,. 

s 14. The combustion turbine power plant (10) of claim 13 Wherein said heat 
exchange unit (102, 103) includes a plurality of closed heat exchange units (102) and 
open heat exchange units (103, 104, 105) which are disengagably coupleable to said 
modular compressor unit (22), said modular combustor unit (24), said modular first 
turbine assembly (26), and said modular second turbine assembly (60). 

15. The combustion turbine power plant (1 0) of claim 1 4 wherein: 
said modular compressor unit casing (23) includes a plurality of bleed lines 
(31,32,33,34); 

each said bleed lines (31 , 32, 33, 34) being in fluid communication with one or 
more of said plurality of open and closed heat exchange units (102, 103, 104, 105, 
1 09, 202, 203, 206. 208, 2 1 2, 220, 222, 224). 
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1 6. The combustk n turbine power plant ( 1 0) of claim 1 4 wherein said 
plurality of open and closed teat exchange units (102, 103, 104, 105, 109, 202, 203, 
206, 208, 212, 220, 222, 224) may be structured in a variety of configurations. 

17. The combustion turbine power plant (10) of claim 1 wherein said 
modular combustor assembly(24) is structured to burn either natural gas or synthetic 
gas. 

18. A combustion turbine power plant (10) comprising: 

a first plurality of modular components (20) structured to form a combustion 
turbine power plant ( 1 0); 

a second plurality of modular components (20a) performing corresponding 
functions of the first plurality of components (20) but having different operating 
characteristics; 

each modular component of said first and second plurality of modular 
components (20, 20a);having an interface with, an adjacent modular component;. and 

said corresponding modular components of said first and second plurality of 
modular components (20, 20a) having a corresponding interface so'that the 
corresponding modular components of said first and second plurality of modular 
components (20, 20a) may be interchanged. 

1 9. The combustion turbine power plant (1 0) of claim 1 8 wherein: 

each said component of said first and second plurality of components (20, 20a) 
has a casing (23); and 

each said casing (23) is structured to be disengagably coupleable to an 
adjacent component casing. 

20. A method of operating a power plant (10) to retain heat within the 
power plant, comprising the steps of: 

(a) providing a power plant having a compressor unit (2), a fuel system 
(90), a combustor unit (3), and at least one turbine unit, said compressor unit having 
bleed lines (31, 32, 33, 34) and said turbine unit (5) structured to be coupled to said 
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bleed lines (31, 32, 33, 34) and having rotors (11a) structured to be cooled by said 
bleed lines (31, 32, 33, 34, 35, 36, 37, 210), said rotors (1 la) having an exhaust line 
coupled to said combustor; 

(b) providing a plurality of heat exchange units (102, 103, 104, 105, 109, 
202,203,206,208,212,220,222,224); 

(c) connecting said heat exchange units (102, 103, 104, 105, 109, 202, 
203, 206, 208, 212, 220, 222, 224) to said bleed lines (31, 32, 33, 34) so that the 
temperature of said rotors (11a) may be selectively control led; 

(d) passing air through said bleed lines (3 1 , 32, 33, 34) at selected 
temperatures to control the temperature of said rotors (1 la); 

(e) allowing said air heated by said rotors ( 1 1 a) to be delivered to said 
combustor unit (24). 
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